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Low power has emerged as a principal theme in today's electronics industry. The need for 
low power has caused a major paradigm shift in which power dissipation is as important as 
performance and area. This article presents an in-depth survey of CAD methodologies and 
techniques for designing low power digital CMOS circuits and systems and describes the 
many issues facing designers at architectural, logical, and physical levels of design 
abstraction. It reviews some of the techniques and tool ... 

Keywords: CMOS circuits, adiabatic circuits, computer-aided design of VLSI, dynamic 
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This tutorial surveys design methods for energy-efficient system-level design. We consider 
electronic sytems consisting of a hardware platform and software layers. We consider the 
three major constituents of hardware that consume energy, namely computation, 
communication, and storage units, and we review methods of reducing their energy 
consumption. We also study models for analyzing the energy cost of software, and methods 
for energy-efficient software design and compilation. This survery ... 
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Wanli Jiang, Bapiraju Vinnakota 
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electronics and design 

Full text available: ^j!| pdf(281.58 KB) Additional Information: full citation , abstract , references , index terms 

The increasing prominence of portable systems and the need to limit power consumption 
and hence, heat dissipation in very high density VLSI chips have led to rapid and innovative 
developments in low power design recently. Leakage control is becoming critically 
important for deep sub-lOOnm technologies due to the scaling down of threshold voltage 
and gate oxide thickness of transistors. In this paper, we discuss major sources of power 
dissipation in VLSI systems, and various low power design tech ... 

Keywords: CMOS, VLSI, low power integrated circuits 
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Computer-aided design 

Full text available: J| pdf(2 18.32 KB) Additional Information: full citation , abstract , references , citings , index 
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With the advent of portable and high-density microelectronic devices, the power dissipation 
of very large scale integrated (VLSI) circuits is becoming a critical concern. Accurate and 
efficient power estimation during the design phase is required in order to meet the power 
specifications without a costly redesign process. Recently, a variety of power estimation 
techniques have been proposed, most of which are based on: 1) the use of simplified delay 
models, and 2) modeling the long-term behavior ... 

Keywords: power estimation VLSI circuit survey tutorial probability statistics 
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Interconnect power is dynamic power dissipation due to switching of interconnection 
capacitances. This paper describes the characterization of interconnect power in a 
state-of-the-art high-performance microprocessor designed for power efficiency. The 
analysis showed that interconnect power is over 50% of the dynamic power. Over 90% of 
the interconnect power is consumed by only 10% of the interconnections. Relations of 
interconnect power to wire length distribution and hierarchy level of nets wer ... 

Keywords: Interconnect power, low-power design, routing, wire spacing 
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November 2001 Proceedings of the 2001 IEEE/ACM international conference on 
Computer-aided design 

Full text available: gpdff 125.96 KB) Additional Information: full citation, abstract, references, citings, index 

terms 

With each technology generation, delivering a timevarying current with reduced nominal 
supply voltage variation is becoming more difficult due to increasing current and power 
requirements. The power delivery network design becomes much more complex and 
requires accurate analysis and optimizations at all levels of abstraction in order to meet the 
specifications. In this paper, we describe techniques for estimation of the supply voltage 
variations that can be used in the design of the power delive ... 
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Khurram Muhammad, Robert B. Straszewski, Poras T. Balsara 

March 2001 Proceedings of the 11th Great Lakes Symposium on VLSI 
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February 2004 ACM Transactions on Embedded Computing Systems (TECS), Volume 3 
Issue 1 

Full text available: ^pdf(273.28 KB) Additional Information: full citation , abstract , references , index terms 

We present an iterative schedule optimization for multirate system specifications, mapped 
onto heterogeneous distributed architectures containing dynamic voltage scalable 
processing elements (DVS-PEs). To achieve a high degree of energy reduction, we 
formulate a generalized DVS problem, taking into account the power variations among the 
executing tasks. An efficient heuristic is presented that identifies optimized supply voltages 
by not only "simply" exploiting slack time, but under the addition ... 

Keywords: Dynamic voltage scaling, embedded systems, energy minimization, 
heterogeneous distributed systems, scheduling, system synthesis 
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February 2002 Proceedings of the 2002 ACM/SIGDA tenth international symposium on 
Field-programmable gate arrays 

Full text available: ^ pdf(309.07 KB) Additional Information: full citation , abstract , references , citings 

This paper analyzes the dynamic power consumption in the fabric of Field Programmable 
Gate Arrays (FPGAs) by taking advantage of both simulation and measurement. Our target 
device is Xilinx Virtex™-II family, which contains the most recent and largest 
programmable fabric. We identify important resources in the FPGA architecture and obtain 
their utilization, using a large set of real designs. Then, using a number of representative 
case studies we calculate the switching activity correspondi ... 
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integrated CMOS-MEMS clock reference 

Robert M. Senger, Eric D. Marsman, Michael S. McCorquodale, Fadl H. Gebara, Keith L. Kraver, 
Matthew R. Guthaus, Richard B. Brown 

June 2003 Proceedings of the 40th conference on Design automation 

Full text available: Qpdf(793.60 KB) Additional Information: full citation , abstract , references , index terms 

In this work, we report on an unprecedented design where digital, analog, and MEMS 
technologies are combined to realize a general-purpose single-chip CMOS microsystem. The 
convergence of these technologies has enabled the development of a low power, portable 
microinstrument ideally suited for controlling environmental and bio-implantable sensors. 

Keywords: ADC, MEMS, PGA, SD, SoC, clock generation, design methodology, inductor, 
low power, low voltage analog, microcontroller, microsystem, mixed-signal, 
system-on-chip, varactor 
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We highlight several fundamental challenges to designing high-performance integrated 
circuits in nanometer-scale technologies (i.e. draRita Glover, EDA Today, L.C.wn feature 
sizes< 100 nm). Dynamic power scaling trends lead to major packaging problems. To 
alleviate these concerns, tMarc Halpernhermal monitoring and feedback mechanisms can 
limit worst-case dissipation and reduce costs. Furthermore, a flexible multi-Vdd + multi-Vth 
+ re-sizing approach is advocated to leverage the inherent pr ... 
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devices: trends and challenges 

Geoffrey C-F Yeap 

April 2002 Proceedings of the 2002 international symposium on Physical design 

Full text available: ^pdf(2 12.42 KB) Additional Information: full citation , abstract , references , index terms 

IC technology is continuing to scale according to Moore's Law, with the overall chip circuit 
requirements driving the MOSFET device and process integration requirements and optimal 
choices. In the 2001 International Technology Roadmap for Semiconductors (ITRS) [1] the 
driver for the high performance logic is maximizing MOSFET intrinsic speed, while the driver 
for low standby power logic is minimizing MOSFET leakage current. Total leakage current of 
a MOSFET consists of three components: off-stat ... 

Keywords: CMOS technology, gate tunneling leakage, high performance, leakage current, 
low standby power, off-state sub-threshold leakage, system-on-a-ship (SoC) 
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In this paper, the many issues around the system and circuit design of advanced RF front 
ends for wireless RF applications will be discussed. After a short discussion on technology 
related issues, design choices linked to the different circuit/system solutions will be 
discussed. 

Keywords: LNA, PLL, RF, VCO, low power, technology, transceivers, wireless 
communication 
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Full text available: ^ pdf(324.74 KB) Additional Information: full citation , abstract , references , index terms 

The application today, pushing analog design for CMOS and RF-bipolar into new frontiers is 
definitely the mobile radio telephony. New telecom systems like GSM, PCN, DECT, DCS, 
Wireless in the loop. ..are all developing very rapidly and will enable us very soon to 
organise a complete telephone network with full coverage for your car, as well as in your 
kitchen and on your office desk. In Europe the major telecom companies have worked 
together to establish one common standard for cellular mobi ... 
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20 Tools and architectures for power minimization: Active leakage power optimization Q 
for FPGAs 

Jason H. Anderson, Farid N. Najm, Tim Tuan 

February 2004 Proceeding of the 2004 ACM/SIGDA 12th international symposium on 
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We consider active leakage power dissipation in FPGAs and present a "no cost" approach 
for active leakage reduction. It is well-known that the leakage power consumed by a digital 
CMOS circuit depends strongly on the state of its inputs. Our leakage reduction technique 
leverages a fundamental property of basic FPGA logic elements (look-up-tables) that allows 
a logic signal in an FPGA design to be interchanged with its complemented form without 
any area or delay penalty. We apply this property to ... 

Keywords: FPGAs, field-programmable gate arrays, leakage, low-power design, 
optimization, power 
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